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Abstract 
 Music is a very influential part of life. Music has been linked to psychological 
effects on exercise, however, there are mixed outcomes when it comes to its effects on 
exercise performance. The purpose of this study was to test music’s influence on 
anaerobic performance on the Wingate test. Subjects included 20 track and field athletes 
at a Division I school in South Carolina.  
The methodology used in this research was a blind randomized cross over design. 
Twenty college-age track and field athletes participated in two Wingate tests. Each 
involved a warm-up with music and a warm-up without music. The warm-up took place 
on the Wingate bike and lasted two minutes using personal headphones that supplied 
music chosen by the subject. After the warm up, subjects were prepped for the test with 
verbal instructions and cues that would be given to start the test. Resistance was applied 
to the flywheel prior to the start based on body weight (kg) of the subject. All data were 
analyzed using SPSS. Peak power (PP)(W)(watts), average power (AP)(W), PP work 
(KPM), AP work (KPM) and revolutions per minute (RPM) were calculated. All Wingate 
performances that involved a music warm up showed significantly higher performance (p 
< .01) compared to the Wingate performances of the same subject without a music warm-
up in all variables: RPM 5 seconds with music (M=13.00) without (11.90), RPM 30 
seconds with music (M=62.65) without (M=57.00), PP with music (M=673.55W) without 
(M=616.07W), AP with music (M=540.52W) without (M=491.51W), PP work with 
music (M=343.52KPM) without (M=314.25KPM), and AP work with music (M=1654.17 
KPM) without (M=1504.30KPM). The results of this study are very beneficial for 
athletes and coaches looking for ways to improve anaerobic performance.
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Chapter 1 
Introduction 
 Music is often a large part of one’s everyday life. Music is played in grocery 
stores, at sporting events, in business and medical offices and during exercise. Any 
person would be hard pressed to go to a sporting event, whether it be at the high school, 
collegiate or professional level, and not hear some type of music. Music’s effect on 
exercise has been long studied. The studies that research music and exercise have mainly 
focused on anaerobic or aerobic exercise, music administered before or during the 
exercise, the tempo and duration of the music, and using trained or untrained subjects 
(Brownley, McMurray, & Hackney, 1995; Terry, Karageorghis, Saha, & D’Auria, 2012; 
Jarraya, Chtourou, Aloui, Hammouda, Chamari, & Chaouachi, 2012; Waterhouse, 
Hudson, Edwards, 2010). 
Aerobic performance has been shown to improve with the use of music; however, 
the effects of music on anaerobic performance have not produced the same results (Terry, 
Karageorghis, Saha, & D’Auria, 2012). In aerobic exercise, music is most easily and 
appropriately described as a distraction (Brownley at al., 1995; Jarraya et al., 2012; 
Waterhouse et al., 2010). Music provides an escape for individual’s focus while he or she 
are exercising, and allows the person to focus more on the music and less on the pain or 
effects of the exercise (Brownley at al., 1995; Jarraya et al., 2012; Waterhouse et al., 
2010). However, if the work load is high enough, as in maximal testing or anaerobic 
exercise, then the individual’s attention is directed to the painful effects of the exertion; 
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attention cannot be focused on the music, and it becomes a negative distractor 
(Waterhouse et al., 2010).  
 Athletes were the focus of the Waterhouse et al. study (2010) study, and for that 
reason, music was administered before anaerobic performance. Therefore, administering 
music during a warm-up may benefit an athlete’s performance more than listening to the 
music during the exercise because the athlete does not have the opportunity to listen 
while he or she is performing. Determining if something as simple as playing athlete’s 
favorite songs, allows him or her to perform better would be a great advantage for many 
athletes and coaches. Thus, using an anaerobic testing procedure such as the Wingate 
Power Test and comparing a music warm-up to a non-music warm-up will help to answer 
this question.  
Statement of the Problem 
 The purpose of this experiment is to determine the effects of a music warm-up 
and a non-music warm-up on Wingate Power Test performance in college-age athletes.  
Research Hypotheses 
The following research hypotheses were tested:  
1. There will be a significant difference in revolutions per minute between music 
warm up Wingate performances and non-music warm up Wingate performances. 
2.  There will be a significant difference in peak power measured in watts between 
music warm up Wingate performances and non-music warm up Wingate 
performances. 
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3. There will be a significant difference in average power measured in watts between 
music warm up Wingate performances and non-music warm up Wingate 
performances.  
4. There will be a significant difference in Work measured in kilopond meters 
between music warm up Wingate performances and non-music warm up Wingate 
performances.   
Delimitations 
The study was delimited by the following: 
1. Only college athletes were included in this study. 
2. Only athletes participating in track and field were included in this study. 
3. Athletes with hearing disabilities were excluded from this study.  
Limitations 
The study was limited by the following: 
1. The researcher was unable to control the familiarization that can occur with the 
first time the subjects performed the Wingate. 
2. The researcher was unable to control the subjects’ natural assumptions that they 
should perform better with music. 
Definition of Terms 
For the purpose of this study, the following terms were operationally defined: 
Anaerobic capacity. The maximal amount of adenosine triphosphate resynthesized 
via anaerobic metabolism (by the whole organism) during a specific mode of short-
duration maximal exercise (Green & Dawson, 1993). 
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Anaerobic exercise. Physical exercise that relies on anaerobic metabolism (without 
the use of oxygen) that lasts less than 90 seconds utilizing an exhaustive effort (Zupan et 
al., 2009). 
Anaerobic sport. An officially recognized sport of the University that requires short 
bursts of energy more than long duration exercise (basketball, baseball, soccer, sprinting 
etc.). 
Collegiate athlete. Any individual that participates on an officially recognized 
interscholastic anaerobic sports team for one complete season. 
Kilogram. The SI base unit of mass (NIST, 2014); equal to 1,000 grams.  
Peak power. A measure of muscular strength and speed (Zupan et al., 2009). 
Performance. The completion of the Wingate test. 
RPE. Rating of perceived exertion. A scale from 0-10 used to measure the subjects  
perceived intensity of an exercise (Borg, 1982). 
RPM. Revolutions per minute obtained by the subject during the Wingate Power 
Test. 
Warm-up. Warm-up is defined as the time the subjects are preparing themselves for 
the Wingate test and the pedaling they perform on the bike before the actual protocol is 
begun. 
Warm-up music. Warm-up music will be defined as the music chosen by the 
subjects that they will listen to during the warm-up and before performing the Wingate 
test.  
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Wingate Power Test. A 30 second, all-out, supramaximal task that can be performed 
by either cycling or arm cranking, which is highly reliable and valid when compared with 
anaerobic running (Inbar & Bar-Or, 1986). 
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Chapter 2 
Review of Literature 
Introduction 
 Music is often a very large part of one’s everyday life. Music is played in the 
grocery stores, at sporting events, in business and medical offices and during exercise. 
Music is used to uplift people, change their mood or thought process. A number of 
studies have examined the ergogenic effect of music, particularly prior to or during high 
intensity exercise, during which, the synchronizing of physiological and motor responses 
during exercise with music may be one means by which music is influential (Brownley et 
al., 1995). Studies have previously focused on music’s psychophysical effects, such as 
feelings of pleasure or displeasure during exercise or their rate of perceived exertion. The 
focus of this study was not on how music makes someone feel during exercise, but the 
effect that music has on how someone performs. If music is administered during a warm 
up, can it elevate one’s performance?  
Validity of the Wingate Test 
 The Wingate Anaerobic Test, often abbreviated WAT or WanT, was developed at 
the Wingate Institution for Sport and Physical Education in Israel (Inbar & Bar-Or, 
1986). The Wingate test is well standardized, simple to administer, and is independent of 
body mass (Del Coso & Mora-Rodriguez, 2006). The test measures both peak power 
output and mean power output (Del Coso & Mora-Rodriguez, 2006). Two major energy 
sources are required during the Wingate anaerobic test. The first is the adenosine-
triphosphate-phosphocreatine (ATP-PCr) system, and the second is anaerobic glycolysis 
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(Wilmore & Costill, 2004). Sports including football, track and field, soccer, baseball and 
any sport that involves sprinting demonstrates anaerobic metabolism similar to what is 
required in the Wingate test (Zupan, Arata, Dawson, Wile, Payn, Hannon, 2009). In order 
to record both the peak power, and mean power, the Wingate test lasts for 30 seconds, 
because the peak power is obtained within the first few seconds (5 seconds), and mean 
power is obtained throughout the test (Del Coso & Mora-Rodriguez, 2006). The Wingate 
test is highly reliable if enough time, at least one week, is given to recover (Del Coso & 
Mora-Rodriguez, 2006; Inbar & Bar-Or, 1986; Zupan et al., 2009). 
  In a study done by Zupan et al. (2009), they designed a classification system to 
rank athletes’ Wingate scores to rate their anaerobic capacity. The researchers wanted 
some type of ranking system for NCAA coaches to see their athletes’ anaerobic 
capacities based on Wingate performance scores. This study involved 1,585 subjects, all 
of whom were NCAA athletes. The researchers did not have to administer the Wingate 
because as part of their training, the athletes were required to perform the test, and the 
researchers used the results from those tests.  
 The test results were put into a scale designed by the researchers and ranked either 
poor, fair, below average, average, above average, excellent, and elite. Peak power had to 
exceed 1,163 Watts (W) for men, and 730 W
 
for women and anaerobic capacity had to be 
above 823 W for men and 541 W for women, to be considered elite. For men, peak power 
had to be less than 739 W and anaerobic capacity less than 549 W to be ranked as poor. 
For women, peak power had to be less than 467 W and anaerobic capacity less than 351 
W to be ranked as poor. Coaches, clinicians, and athletes used this scale as a tool to 
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evaluate power output and provide comparisons from a set of reliable standards. With this 
information converted into a ranking, it allowed athletes and coaches to compare Wingate 
performances. This is one example of how the Wingate test was used as a reliable and 
valid measure of collegiate athletes’ peak power and anaerobic capacity.  
Music’s Psychological Effect on Exercise 
 Many studies have examined the psychological effects that music has on exercise. 
In Karageorghis et al. (2013), music’s psychological, psychophysical and ergogenic 
effects were studied in swimming. 26 participants were administered three experimental 
trials that consisted of one 200-m freestyle swimming time trail while listening to 
motivational music at 130 beats per minute (bpm), one 200-m freestyle swimming time 
trial while listening to oudeterous music at 130 bpm and one 200-m freestyle swimming 
time trial while listening no music. One song was chosen to be categorized as 
motivational based on the Brunel Music Rating Inventory-2 and was administered to all 
subjects. Oudeterous music is defined as music that is neutral and isn’t motivational or 
de-motivational (Karageorghis & Mouzourides et al., 2009). This study concluded that 
participants, whether they listened to motivational or oudeterous music, reported higher 
state motivation and more dissociative thoughts. This study concluded that music, 
whether categorized motivational or odeterous, can have an ergogenic effect on high 
intensity exercise and is responsible for higher self-reported motivation and dissociative 
thoughts.  
 In Terry, Karageorghis, Saha and D’Auria (2012), researchers demonstrated the 
effects of synchronous music on treadmill running in elite triathletes. 11 triathletes ran to 
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motivational music, a neutral equivalent and a no-music during submaximal and 
exhaustive treadmill running. The subjects were given tracks and they rated the tracks 
using the Brunel Music Rating Inventory-2 to choose which track was most motivational 
to them. All songs that were provided were at least 80-97 bpm. Results showed that time-
to-exhaustion was 18.1% and 19.7% longer when running to motivational or neutral 
music compared to no music, mood responses and feeling states were more positive with 
motivational music compared to neutral or no music, RPE was lower for neutral music 
and motivational music compared to no music.  This study concluded that although 
neutral music did not produce the same level of psychological benefits as motivational 
music, it was equally as beneficial in some variables. This study proved that the 
motivational qualities of music are not as important as the beat and the ability of the 
participant to synchronize their running with the music.  
 In Potteiger, Schroeder & Goff (2000), different types of music were analyzed to 
see their effects on RPE scores during 20 minutes of moderate intensity exercise. 27 
participants performed four separate graded exercises on a cycle ergometer. Once with 
fast music, once with classical music, once with self-selected music and once without 
music. Rate of perceived exertion was measured every five minutes during each separate 
test using the Borg Scale. This study found that each type of music resulted in reduced 
overall RPE when compared to no music. This study concluded that different types of 
music can act as an effective distractor during exercise and therefore can lower the scores 
of perceived exertion.  
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 These studies have demonstrated that music can be associated with ergogenic and 
psychological effects on music. Psychological effects show how music influences our 
mood, emotion, attitude, and behavior. Some evidence indicates that during all out 
exercise, the motivational qualities of exercise have little effect on performance 
outcomes, but do positively influence psychological factors (Terry at al., 2012). The 
influence of music on the actual performance of exercise is where previous research is 
sparse and has produced mixed results. Most importantly, research that can cross over 
into real-life sport performance is needed.  
Music’s Influence on Aerobic Performance  
 The studies that have been conducted in the past using aerobic exercise to 
determine the effects of music have had positive correlation and outcomes (Terry et al., 
2012). The most common way in which the aerobic exercises were administered were a 
treadmill (Barwood, Weston, Thelwell, & Page, 2009; Terry et al., 2012), walking 
outside (Styns, Van Noorden, Moelants, & Leman, 2007) or a cycle ergometer 
(Waterhouse, Hudson, & Edwards, 2010). The subjects of the studies were exposed to 
their music control stimuli during their exercises (Barwood et al., 2009; Syns et al., 2007; 
Terry et al., 2012; Waterhouse et al., 2010). A positive relationship and outcome was 
found when music was associated with the aerobic exercise as compared to no music 
(Barwood et al., 2009; Styns et al., 2007); however, music did not show to benefit the 
majority of subjects in the study done by Terry et al. (2012).  
 Many of the research articles used in the literature of these studies showed a much 
stronger impact between aerobic exercise and music. If work load was high enough, then 
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the individual’s attention was directed to the painful effects of the exertion; attention 
cannot be focused on the music, and it becomes a negative distractor (Waterhouse et al., 
2009). For this reason, many of the studies used sub-maximal testing or allowed the 
subjects to exercise at their own pace, which avoided maximal testing, and too high of a 
work load, so that their attention was kept on the music, and not differed to the intensity 
of the exercise.  
Music’s Influence on Anaerobic Performance 
Music’s influence on short-term maximal exercise has not been researched 
heavily and has produced mixed results (Chtourou, Jarraya, Aloui, Hammouda & Souissi, 
2012). In Eliakim, Meckel & Eliakim (2007) music’s effect on anaerobic performance 
was tested in adolescent volleyball players with the Wingate Anaerobic Test. 24 players, 
12 male and 12 female participated in a randomly assigned music or non-music warm up 
that lasted for 10 minutes prior to the test. This study found that music positively 
influenced the peak power, but had no significant effect on mean or average power. 
In the study Karageorghis, Priest, Williams, Hirani, Lannon & Bates (2010) the 
effects of synchronous music during circuit type exercise was studied. This study had 26 
participants, 13 men and 13 women who performed a circuit type exercise while listening 
to three different music conditions: motivational, oudeterous and a metronome control. 
This study concluded that in regards to performance (total repetitions and exercise 
repetitions) there was no significant main effects between the conditions. This study 
suggested that the reason there were no significant effects of music found in any of the 
conditions, was how physically demanding the exercises were in the circuit.  
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In Pujol and Langenfeld (1999), 12 men and 3 women completed two Wingate 
Anaerobic Tests. Each subject performed a series of three different Wingate Anaerobic 
Tests to a music condition and to no music. All music was set at the same tempo. Mean 
power output, maximum power output, minimum power output and fatigue index were 
compared between music conditions. This study resulted in no significant differences 
between the music and non-music trials for any measures.  
Music Administered Before the Exercise  
In studies done by Jarraya et al. (2012) and Chtourou et al. (2012) music was 
administered to the subjects before their exercise, during a warm-up. In Chtourou et al. 
(2012) the subjects performed a Wingate test, after a 10 minute warm up, where music 
was either played or not played. The music was played through personal headsets and 
was high tempo (120-140 beats per minute). During the Wingate test, the peak power 
(Ppeak) and mean power (Pmean) were recorded.  
The study by Chtourou et al. (2012) found that (Ppeak) and (Pmean) were 
significantly higher after the warm up with music compared to the warm up with no 
music. The findings of this study are important for real world applications because it 
demonstrates that warming up with music can have a motivational factor on participants 
and lead to an enhanced work output. Music may be considered as a legal method and 
additional aid for young male sprinters during warm-up prior to competitive games. The 
results of this study specifically benefited athletes, because they can only listen to music 
before or after competitions, not during.  
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In a study by Jarraya et al. (2012), 12 male athletes with high physical fitness 
participated in the investigation. High intensity tempo music (120-140 beats per minute) 
was administered during their warm up through personal headphones. On two occasions 
the subjects performed a Wingate test; one test was following a warm up with music, and 
one test was following a warm up with no music. The two sessions were conducted at 
least 48 hours apart. Heart rate was recorded during the warm up and immediately after 
the Wingate test, along with rate of perceived exertion using the Borg scale. 
Jarraya et al. (2012) found that (Ppeak) and (Pmean) during the Wingate tests 
significantly increased with the music warm up as compared to the non-music warm up. 
They also found that muscle power output was higher following the music warm up than 
the non-music warm up. The experimenters could not find a significant difference in RPE 
between the music and non-music groups. Coaches and practitioners interested in short-
term supramaximal performances may be well advised to incorporate arousing music 
during warm up in attempt to augment subsequent power output (Jurraya et al., 2012). 
Music Administered During the Exercise 
 Music administered during the actual exercise was examined in a majority of 
these studies. The preferred method of administration was through personal headphones 
(Brownley et al., 1995; Styns et al., 2007; Waterhouse et al., 2009), and some subjects 
listened from speakers or a computer (Barwood et al., 2009; Brooks & Brooks, 2010; 
Karageorghis et al., 2010; Terry et al., 2012). These studies used more untrained 
individuals than the studies who administered music before the exercise. The studies that 
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administered music before the exercise were focused mainly on athletes, because that is 
the only time an athlete who is competing could listen to music (Terry et al., 2012).  
 In studies where there was motivational music, non-motivational music and no 
music groups (Barwood et al., 2009; Brownley et al., 1995); Terry et al., 2012), they 
found that the music, both motivational and non, showed effects on the participants more 
than no music at all. The results from these studies made it hard to tell what kind of 
music was needed to enhance performance. Does the music need to be something 
motivational, or does it just need to be music of any type?  
 When researchers used only music and non-music groups (Brooks & Brooks, 
2010; Karageorghis et al., 2010; Styns et al., 2007; Waterhouse et al., 2010) the results 
were mixed. The researchers that let their subjects decide what musical pieces were most 
motivational to them (Brooks & Brooks, 2010; Karageorghis et al., 2010) found that the 
music did in fact have a positive effect on the subject’s performance. Researchers who 
chose the music for their subjects (Barwood et al., 2009; Brownley et al., 1995; Styns et 
al., 2007; Terry et al., 2012; Waterhouse et al., 2010) did not have conclusive results. 
Terry et al. (2012) was unable to find an effect of music on exercise for the majority of 
subjects involved in the study. 
Conclusion  
  Music has had mixed results when it comes to anaerobic exercise (Chtourou et 
al., 2012). Researchers have had trouble determining the actual cause of increased 
performance in anaerobic exercise when music is involved. When research has shown 
positive effects of music on anaerobic exercise, there are other factors that may have had 
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an equal or greater effect than the music on the output, such as gender or physical fitness. 
With aerobic exercises, the work load is not as high and music can be used as a 
distraction, but if the work-load is high enough then the individual’s attention is directed 
to the intense effects of the exertion. If attention cannot be focused on the music, it 
becomes a negative distracter (Waterhouse et al., 2010). 
 Music has been shown to benefit untrained individuals more than trained 
individuals because a trained person usually will not display as much improvement to an 
exercise as an untrained person who is more likely to be motivated by the music 
(Brownley et al., 1995). Although the relationship is not as evident in their exercise as it 
may be in an untrained individual, trained individuals may still be motivated by music. 
Music has been shown to be equally beneficial whether it is administered through 
headphones, a computer, or during or before an exercise. When researchers looked at 
types of music whether it was fast tempo, slow tempo, motivational, or sedative, results 
showed that fast tempo and motivational music created the greatest effect on exercise. 
When researchers used motivational music, sedative music and no music groups, they 
often found motivational and sedative music groups had greater performances than non-
music groups, but could not determine if the positive effect was coming from 
motivational music or just music in general.  
Music and exercise has been studied for many years now and will continue to be 
studied because of how influential music is. In today’s world, athletes and recreational 
exercisers alike are constantly looking for healthy, legal ways to improve their 
performance. If simply listening to their favorite songs before or during an important 
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event can prove to be beneficial, it can very easily be implemented. Music provides an 
escape for an individual’s focus while they are exercising, and allows the person to focus 
more on the music and less on the pain or effects of the exercise (Brownley et al., 1995; 
Jarraya et al., 2012; Waterhouse et al., 2010).  The biggest divide found within the 
literature was evidence for music’s influence on the psychological aspect of aerobic 
exercise but the lack of evidence supporting its influence on performance; specifically 
high intensity exercise and music that is administered during a warm up.   
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Chapter 3 
Methods and Procedures 
Introduction 
 Music has been shown to benefit the psychological aspect of exercise, primarily 
in aerobic exercise, but it has not been as beneficial on improving exercise performance. 
The purpose of this study was to determine if warm-up music had a positive effect on 
Wingate anaerobic performance in college athletes compared to Wingate performances 
with no warm up music.  
Participants and Setting Context 
 After reviewing the literature for this experiment, the ideal number of participants 
for a study similar to this was 20-25 participants to create strong evidence and to account 
for possible subject attrition.  This study involved 20 participants. All subjects were 
recruited from a collegiate track and field team. All participants were required to fill out 
informed consent and debriefing forms (Appendix E) before their first Wingate test. This 
study was conducted at a small Division I school in northern South Carolina and 
approved by their Institutional Review Board (IRB) (Appendix A). Permission to use the 
track and field athletes was obtained from the athletic director, head coach and assistant 
head coach via email (Appendix D). The participants were all undergraduate track and 
field student athletes ranging in age 18-22 years. This included track athletes competing 
in sprinting, mid distance, jumping and throwing events. The participants were as evenly 
distributed in regards to gender, with a total of 11 males and 9 females.  
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 In order to create a random assignment for the participants, the order in which 
they signed up determined which warm-up they completed first. The sign-up sheet used 
for the participants had lines with numbers next to them where the subject would print 
their name. If the subject signed up on an even numbered line, they completed the music 
warm-up first, and the warm-up without music second. If the subject signed up on an odd 
numbered line, they completed a warm-up without music first, and the music warm-up 
second. This ensured that the subjects were unaware, upon arrival, of which warm-up 
they would be doing. This also ensured an even number of subjects who warmed up with 
music during their first test and who warmed up with no music during their first test to 
minimize the limitation of familiarization producing a better second test than first test.     
Research Design 
 The type of research conducted in this study was a randomized crossover 
experimental design. The subjects performed two separate Wingate tests. The first test 
they performed was either followed by a warm-up with music or a warm-up without 
music. Then they performed the second test one week later. The subjects were randomly 
assigned to a warm-up with or without music based on the order in which they signed up.  
The independent variables were the two protocols; warm-up with music and 
warm-up without music. The music was chosen by the subject and varied with each 
individual. The dependent variables were the revolutions per minute (RPM) at five 
seconds, the RPM at 10 seconds, the peak power (W), the average power (W), the peak 
work (KPM) and the average work (KPM) of each subject on the Wingate test. Data was 
collected from the Wingate test and analyzed using SPSS statistical analysis software.  
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 The instrument used in the experiment was the Wingate anaerobic test. The 
Wingate test is a 30 second, all-out, supramaximal task that can be performed by either  
cycling or arm cranking, which is highly reliable and valid when compared with 
anaerobic running (Inbar & Bar-Or, 1986). The Wingate anaerobic test is well 
standardized, simple to administer, and is independent of body mass (Del Coso & Mora-
Rodriguez, 2006). The Wingate test is highly reliable if enough time, at least one week, is 
given to recover (Del Cosa & Mora-Rodriguez; Inbar & Bar-Or, 1986; Zupan et al., 
2009). 
Procedures 
 The results for this study were obtained from the Wingate test itself, and how 
each athlete performed during the test. The work and power measurements were based on 
how many revolutions (RPM) the subject completed in 30 seconds. The workload for the 
subjects was based on their body weights (in kg). The lab where the Wingate testing took 
place was located within the University’s recreational facilities in the Human 
Performance Laboratory. Each subject received a warm-up period of two minutes on the 
cycle ergometer. The subject was instructed to maintain a pace of 50 revolutions per 
minute.  
 The subjects for this research were members of the track and field team. The 
majority of the subjects were short sprinters, mid sprinters and jumpers. Once the 
subjects volunteered for the study, they were given pre-participation instructions in order 
to complete the test (Appendix B) (Appendix C). Once the subjects arrived in the lab, 
their weights (in kg) were measured and recorded. The subjects were then randomly 
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assigned to either a music warm-up, or a non-music warm-up. The tests were conducted 
one week apart.  
 Based on the order in which the subjects participated determined if they had a 
music warm-up or a warm-up without music. The subjects were given a period of 
familiarization, in which they could sit on the cycle ergometer, ask any questions they 
may have, and become familiar with the test. At that time, the seat height was adjusted, 
and they were given verbal instruction on how the test would be administered. They were 
then instructed to begin their two minute warm-up on the cycle ergometer at a resistance 
of 1.5 to 2.5 kp. If the subject was assigned to a music warm-up, they were told to put 
their personal headphones on and listen to the music of their choice during that time. 
 At the conclusion of the two minute warm-up has concluded, the subjects were 
instructed to remove their personal headphones. At that time, the subjects were instructed 
to attain 120 revolutions per minute as quickly as possible. Once they reached 120 rpm’s, 
the subject is queued, using the word “Go” to pedal as fast as possible and the appropriate 
resistance was simultaneously applied to the fly wheel. The administrator of the test then 
queued the timer to start the stopwatch by saying “Start.” The timer would tell the 
subjects when they have 15 seconds remaining and five seconds remaining. There were 
no verbal cues given by the researchers, besides “go,” “stop,” “15 seconds” and “five 
seconds.” It was very important that the researchers refrained from giving any type of 
verbal encouragement or motivation.  
 If the subjects were assigned to the no music warm-up, the subjects warmed-up on 
the bike for two minutes, however they had no form of music playing during this time. 
21 
 
The subjects were given the same verbal instruction and the same verbal cues by the 
administrator and timer. The same assessment team performed both trials.  
At the conclusion of the Wingate test, the subjects remained on the bike, for a 
cool down of their own desired length of time. After the cool down, the subjects were 
reminded to return to the lab and complete the second Wingate test exactly one week 
from that day. Whichever warm-up the subjects had completed the first time, music or 
non, they did the opposite for their second test. Weight was not taken before the second 
Wingate test. It was assumed that the subject’s weights remained the same or close 
enough to the same where the resistance on the fly wheel would not need to be changed. 
All data collected from this study was stored on a home computer with a password. No 
one had access to the data but the researchers. The data numbers were de-identified to 
replace the names of the subjects so their identities were kept confidential.  
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Chapter 4 
Results 
 This study consisted of 20 collegiate Track and Field athletes; 11 male and nine 
female. All participants were randomly assigned music or non-music warm ups based on 
when they came to perform the test. All music was chosen by the participants and was 
played through personal head phones during a two minute warm up. There was a time 
period of seven days between each Wingate test. Subject’s body weight was taken before 
their first Wingate test in order to determine the weight placed on the fly wheel. Results 
were then inputted and analyzed using SPSS. The purpose of this study was to determine 
if music warm-ups had a positive effect on Wingate performance when compared to non-
music warm ups in Division 1 college, anaerobic athletes.   
 Descriptive statistics were run to analyze mean values of all variables (Table 1). 
All outcome values produced from the Wingate tests performed with a music warm up 
were significantly higher than the mean values of the tests without a music warm up. The 
greatest increases in mean values between the music and non-music tests were found in 
average work (KPMs) (Figure 1) and peak power (Watts) (Figure 2). 
Revolutions per minute 
 Table 1 and Figure 2 present revolutions per minute (RPM) after five seconds 
increased from an average of 11.9 without music to 13.00 with music. This supports the 
hypothesis that subjects would complete more revolutions per minute in five seconds 
with a music warm up then without a music warm up. Table 1 presents revolutions per 
minute after 30 seconds increased from an average of 57.00 without music to 62.65 with 
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music. This supports the hypothesis that subjects would perform more revolutions per 
minute in 30 seconds with a music warm up then without a music warm up. 
Peak Power 
 Table 1 and Figure 1 present peak power (W) increased from an average of 
616.07 (W) without music to 673.55 (W) with music. This supports the hypothesis that 
subjects would produce greater peak power (W) with a music warm up then without a 
music warm up.  
Average Power 
Table 1 Figure 3 present average power (W) increased from an average of 491.51 
(W) without music to 540.52 (W) with music. This supports the hypothesis that subjects 
would produce greater average power (W) with a music warm up than without a music 
warm up. 
Work 
Table 1 presents peak work (KPM) increased from an average of 314.25 (KPM) 
without music to 343.52 (KPM) with music. This supports the hypothesis that subjects 
would produce greater work (KPM) with a music warm up than without a music warm 
up. Table 1 presents average work (KPM) increased from an average of 1504.30 (KPM) 
without music to 1654.17 (KPM) with music. This supports the hypothesis that subjects 
would produce greater work (KPM) with a music warm-up than without a music warm-
up.  
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Table 1 
Descriptive Statistics 
*Peak (P), Average (A), revolutions per minute (RPM) and kiloponds per minute (KPM) 
  
 N Min. Max. Mean Std. 
Deviation 
Weight (KG) 20 53.50 89.70 70.58 11.75 
Force (KP) 20 3.50 5.25 4.35 .597 
Music RPMs 5s 20 10.00 17.00 13.00 1.88 
No music RPMs 5s 20 9.00 17.00 11.90 1.88 
Music RPMs 30s 
No music RPMs 30s 
Music (P) Power (Watts) 
No music (P) Power (Watts) 
Music (A) Power (Watts) 
No music (A) Power (Watts) 
Music (P) Work (KPM) 
No music (P) Work(KPM) 
Music (A) Work (KPM) 
No music (A) Work(KPM) 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
47.00 
42.00 
 
411.00 
 
370.00 
 
363.70 
 
329.40 
 
210.00 
 
189.00 
 
1113.00 
 
1008.00 
80.00 
76.00 
 
1050.00 
 
1050.00 
 
823.50 
 
782.00 
 
535.00 
 
535.50 
 
2520.00 
 
2394.00 
62.65 
57.00 
 
673.55 
 
616.07 
 
540.52 
 
491.51 
 
343.52 
 
314.25 
 
1654.17 
 
1504.30 
8.71 
8.22 
 
168.22 
 
163.69 
 
134.89 
 
124.23 
 
85.71 
 
83.47 
 
413.01 
 
380.31 
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Figure 1. Mean comparison of peak power (PP), average power (AP) with music 
and no music. Pair 3, p =.006, Pair 4, p = .000 
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Figure 2. Mean comparison of revolutions per minute (RPMs) at 5s and 30s with 
music and no music. Pair 1, p = .005, Pair 2, p = .000 
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Figure 3. Mean comparison of average work with music and no music. Pair 6, p = 
.000 
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A paired-samples t test (Table 2) was calculated to compare: music RPM’s in five 
seconds to no music RPMs in five seconds, music RPMs in 30 seconds to no music 
RPMs in 30 seconds, music peak power to no music peak power, music average power to 
no music average power, music peak work to no music peak work and music average 
work to no music average work. Significance was found between all music variables 
compared to non-music variables at the p < .05 level.  
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Table 2 
Paired-Sample t Test 
 t df p 
Pair 1 – Music RPMs 5s & No music RPMs 5s 3.168 19 .005* 
Pair 2 – Music RPMs 30s & No music RPMs 30s 6.823 19 .000** 
Pair 3 – Music P Power & No music P Power 3.067 19         .006* 
Pair 4 – Music A Power & No music A Power 6.225 19 .000** 
Pair 5 – Music P work & No music P work 3.062 19         .006* 
Pair 6 – Music A work & No music A work 6.240 19 .000** 
*Significance found at p < .01 
**Significance found at p < .001 
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Chapter 5 
Discussion 
The purpose of this study was to examine music’s effect on the Wingate 
performance in college-age track and field athletes. The subjects performed two separate 
Wingate tests in random order; one that included a warm up with the music of their 
choice, and one that did not involve music during their warm up. Obtaining information 
on how music can influence anaerobic exercise performance could be very beneficial to 
coaches, athletes, and anyone involved in increasing performance in athletics. The key 
difference in this study, compared to previous studies, was that the music was 
administered before the Wingate, during the warm-up phase, which can be more 
applicable to an athletic setting than music administered during exercise.  
Previous research had primarily shown that music can be beneficial during 
aerobic exercise (Barwood et al., 2009; Syns et al., 2007; Waterhouse et al., 2009). 
However, when it comes to anaerobic exercise, the literature is mixed. One theory as to 
why the results are more consistent with aerobic exercise when compared to anaerobic 
exercise is because the exertional efforts are much greater in anaerobic exercise, and 
therefore, the participant’s attention is focused on the pain from the high intensity 
exercise and not on the motivational music (Waterhouse et al., 2009).  
When studies that involve music administration during exercise are compared 
with those who administer music during a warm up, the results are also very inconsistent 
(Brooks & Brooks, 2010; Karageorghis et al., 2010; Styns et al., 2007; Waterhouse et al., 
2010).  In studies where the music was successful in creating higher performance when 
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administered during the exercise, it was thought that music acted as a distraction from the 
exercise and allowed the participant to take their minds off of the exercise and focus on 
the music, therefore, allowing them to exercise harder and longer (Barwood et al., 2009; 
Brooks & Brooks 2010; Brownley et al., 2010; Karageorghis et al., 2010; Styns et al., 
2007; Waterhouse et al., 2010). 
This study was designed to control factors that produced conflicting or 
inconsistent results found in previous studies. By randomizing the music and non-music 
warm ups, gathering a gender and fitness level balanced sample, administering the music 
during the warm up so that results can be applied to athletic settings, and allowing 
subjects to choose their own music. This study added to the body of knowledge that 
shows music has a positive effect on exercise.  
The Wingate tests were randomized using a crossover design. This was a crucial 
aspect of the study so that familiarization was not credited in producing greater results 
over the music. Music that was administered during a warm up allowed for the 
performance enhancement to potentially be applied to athletic events and sport 
performance. Athletes are unable to listen to music during sport performance, so the 
administration of the music to the warm up is more applicable to athletes and sport 
related performances. The finding that the music warm up Wingate tests produced 
significantly higher results in RPMs, peak power, average power, peak work and average 
work when compared to the non-music warm up Wingate performances showed a strong 
relationship between motivational music during a warm up and increased performance 
during anaerobic activity.  
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Future research should address different anaerobic exercises such as interval or 
circuit training to see if music is a motivating factor. Also, a larger sample group in future 
research designs will help to produce more significant results. Using different athletes 
from different anaerobic sports is also a consideration for future research.  
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IRB 
Debriefing Form 
Thank you for participating in our The Effect of a warm-up with music on Wingate 
performance compared to no music in college anaerobic athletes study!   
 
The purpose of this study was to research the effects of music during a warm-up on 
Wingate performance and compare it to a performance with no music in the warm-up. 
The Wingate is a 30 second all out test that is performed on a stationary bike, where the 
subject is asked to pedal as fast and as hard as they can for 30 seconds. The results of 
this study will be used to provide performance benefiting information to those student 
athletes who performed better with a music warm-up.  
 
If you are interested in learning the results of this study, please contact the researchers 
after August of 2014.  
 
 
Researchers:        
 
Mallory Zappitelli – zappitellim2@winthrop.edu 
Dr. Charles Bowers – bowersc@winthrop.edu 
Dr. Janet Wojcik – wojcikj@winthrop.edu  
 
 
If you have any concerns regarding this study, please contact the faculty advisor or the 
Director of Sponsored Programs and Research. 
 
 
Faculty Advisor:     Sponsored Programs & Research: 
Dr. Charles Bowers     Teresa Justice, Director 
(803) 323-4647                                                 (803) 323-2460 
bowersc@winthrop.edu                justicet@winthrop.edu 
 
 
 
If anything about this survey caused you to feel uncomfortable, health and counseling 
services are available to you on the 2
nd
 floor of Crawford.  You can reach Counseling 
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Services at (803) 323-2233 or get information at 
http://www.winthrop.edu/hcs/counselingservices-home.htm. 
All counseling services are free and confidential. 
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IRB 9/21/2007  
  
Winthrop University Informed Consent Agreement  
 
Researcher: Mallory Zappitelli Graduate Student Undergraduate Student  
Faculty Advisor: Dr. Charles Bowers Faculty Advisor’s Position: Professor of Exercise 
Science in the Department of Physical Education, Sport, and Human Performance and 
Exercise Science Program Coordinator  
Title of Study: The effects of warm-up music on Wingate performance compared to no 
warm-up music.  
 
You are invited to take part in a research study. Before you decide to be a part of this 
study, you need to understand the risks and benefits. This consent form provides 
information about the research study. I will be available to answer your questions and 
provide further explanations. If you take part in this research study, you will be asked to 
sign this consent form. Your decision to take part in this study is voluntary. You are free 
to choose whether or not you will take part in the study. If you should decide to 
participate, you may withdraw from the study at any time.  
 
Purpose of the research study:  
To identify if warm-up music has a positive effect on the performing the Wingate test, 
which is a 30 second, maximal effort test which takes place on a stationary exercise bike, 
when compared to the same performance with no music during the warm-up.  
 
Procedures or methods to be used in the study:  
The Wingate anaerobic test. The Wingate test is used to measure fitness levels in 
anaerobic athletes. An exercise is considered anaerobic if it requires short, explosive 
bursts of energy, and lasts less than 60 seconds. The Wingate is performed on a cycle 
ergometer, and requires the subject to pedal as hard and as fast as they possibly can for 30 
seconds.  
 
Possible Risks/Benefits Associated with Participating in Study:  
The Wingate is a high intensity, strenuous exercise and does include the following risks: 
muscle or tendon strain or ligament sprain, nausea, vomiting, extreme fatigue or fainting. 
However, these risks are greatly decreased if you are an anaerobic athlete because you 
are already very accustomed to high intensity exercise. In the event that any of these risks 
do take place, we will be sure to provide the proper care and further care if necessary.  
 
Possible Costs/Compensation Associated with Participating in Study:  
There is no cost to the athlete for participating in the study. There is a time commitment 
that comes along with participating in this study as you will be asked to perform two 
tests, within one week of each other. There is no type of compensation for any subjects 
participating in this study. You will not be paid or rewarded in any way for participating 
in this study.  
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Number of questions in the survey/questionnaire and anticipated time to complete 
the survey/questionnaire: 0  
 
Right to withdraw from the study: 
 Subjects have the right to withdraw from this study at any point with no consequences or 
penalty what so ever.  
 
Privacy of records or other data collected in the study:  
All data will be recorded in a way that no one else can identify the subjects of the study. 
The information from the study will be kept private and will not be accessed by anyone 
else but the researcher.  
 
Questions – contact information:  
If you have any questions about this study, you may contact me using my Winthrop email 
account: zappitellim2@winthrop.edu Or through my faculty advisor:  
Address: 216 West Center - Winthrop University - Rock Hill , SC - 29732  
Work Phone: 803-323-4647 Email: bowersc@winthrop.edu  
 
You may also contact:  
 
Teresa Justice,  
Director Sponsored Programs and Research  
Winthrop University  
Rock Hill, SC 29733  
 803-323-2460  
justicet@winthrop.edu  
 
Signatures:  
By signing this consent agreement, you agree that you have read this informed consent 
agreement, you understand what is involved, and you agree to take part in this study. You 
will receive a copy of this consent form.  
 
 
 
Signature of Participant______________________________________Date__________  
 
 
 
 
Signature of Researcher______________________________________Date___________ 
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Appendix B 
This study requires you (the subject) to be fully prepared for the Wingate test. The 
following is a list of guidelines that you must follow in order to complete the test and be 
part of the study:   
 You must not consume alcohol within 24 hours of the test 
 You must not participate in strenuous activity within 24 hours of the test 
 You must not eat within 30 minutes prior to the test.  
 You must get an ample amount of sleep the night before the test 
 You must eat a small meal at least two hours prior to the test 
 You must properly hydrate yourself in the 24 hours prior to the test 
If the subject does not comply with the guidelines above, it may lead to a faulty Wingate 
test and therefore cannot be used as part of the study. As the subject, it is crucial that you 
abide by these guidelines in order to deliver an accurate test.  
 As part of your warm-up for one of your Wingate tests, you will be instructed to 
play a song of your choice through your own personal headphones. This song must be 
accessible on the device of your choice on the day of testing. Please bring the device with 
you along with a set of your own personal headphones.  
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Appendix C 
I (the subject) have complied fully to the instructions given to me prior to my test 
including: 
 No alcohol consumption within 24 hours  
 No strenuous exercise within 24 hours 
 An ample amount of sleep 
 A small meal eaten at least 2 hours ago 
 Proper hydration within the past 24 hours 
 
 
 
 
 
 
 
By signing below, I affirm that I have complied to the stipulations above, I am going to 
give an honest effort while completing my Wingate test and I have not, in any way, been 
compensated for participating in this study. 
 
 
_______________________________________                                        _____________ 
Signature of subject                                                                                               Date 
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Appendix D 
Zappitelli, Mallory, Mon, Nov 18, 2013 at 2:09 PM 
Mr. Hickman, 
    I am a graduate student Athletic Trainer. I am currently working on my thesis 
project and I was contacting you because I need your permission. My thesis will involve 
athletes and whether or not music has an influence on their anaerobic performance. They 
will be performing a Wingate Test, which is a test done on a stationary exercise bike 
where the person pedals for 30 seconds as hard as they can. I am currently the graduate 
assistant Athletic Trainer for the track & field teams, so I will want to use most of those 
athletes for my study. I need your permission to use the athletes. If you want to meet with 
me to discuss the project further, I would gladly do so. 
Thank you, 
 
  
Mallory Zappitelli ATC 
Graduate Assistant Athletic Trainer 
Cross Country and Track and Field  
 
 
 
Hickman, Thomas N. Mon, Nov 18, 2013 at 4:43 PM 
To: "Zappitelli, Mallory"  
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Cc: "McDonald, Scott J."  
Mallory, 
 
It will be okay with me to use our student-athletes in your study.  However, I 
would ask that you get separate permission from each head coach of the teams you wish 
to include in your testing.  Please keep me informed as to when the testing is scheduled 
and when it has been completed.  Thank you. 
 
  
Tom Hickman 
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Zappitelli, Mallory Thu, Nov 21, 2013 at 6:34 AM 
To: "Paxton, Benjamin A."  
Coach Paxton, 
   For my thesis project, I am going to be looking at the effects of music on anaerobic 
exercise. I am going to have my subject's perform a Wingate test, which is a 30 second, 
all out test performed on a stationary exercise bike. They will perform two separate 
Wingate tests, one involving a warm up where they can listen to music, and one without. 
I am hoping to pull a majority of my subject's from the track team, because they are great 
examples of anaerobically fit athletes. I was just asking for your permission to use your 
student athletes in my research.  
Thank you,  
Mallory Zappitelli ATC 
Graduate Assistant Athletic Trainer 
Cross Country and Track and Field  
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Paxton, Benjamin A.  Thu, Nov 21, 2013 at 9:03 AM 
To: "Zappitelli, Mallory"  
Mallory, 
You have my permission to pursue your research with my team. 
Thank and good luck, 
Ben Paxton 
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From: Zappitelli, Mallory  
Sent: Tuesday, November 19, 2013 1:48 PM 
To: Schreiner, Roberta A. 
Subject: 
Coach Schreiner,  
I will be conducting a research project on the effects of music on anaerobic 
performance. The student athletes will be doing a Wingate test, which is a 30 second all 
out test performed on a stationary bike. They will be doing two separate tests, one with 
music and one without music. The tests will be approximately one week apart. I am 
hoping to use mostly track athletes and I need your permission to use your athletes for my 
study. I would greatly appreciate it.  
Thank you, 
 Mallory Zappitelli ATC 
Graduate Assistant Athletic Trainer 
Cross Country and Track and Field  
 
 
 
 
 
51 
 
Schreiner, Roberta A. Wed, Nov 20, 2013 at 11:57 AM 
To: "Zappitelli, Mallory"  
 
Mallory, 
 
This is fine – I am willing to have the track student-athletes participate. 
Let me know when you would like to collect your data. 
Coach Schreiner. 
 
Bobbie A. Schreiner 
Associate Head Coach 
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